Introduction: Neuropsychomotor development and auditory abilities, influenced by biological and environmental factors, are directly related to school performance. In this way, a screening test in school environment allows the prior identification of change in development, reducing the losses in child life.
Children's neuropshycomotor development is a process that begins in the uterus then progresses, stage by stage, and at each stage the child acquires new skills. Although it has a fixed sequence, the rhythm of development varies from child to child, allowing the establishment of normality limits and minimum and maximum ages in the development milestones 1, 2 . It involves aspects ranging from neurological maturation and physical growth to the aquisition of skills related to behavior and to the cognitive, affective and social spheres of the child; as the result of the interaction between genetic, biological and environmental factors. The first years of life are marked by important motor, physical, mental and social formations and it is the period which the child has a special sensitivity to the stimuli coming from the environment, by virtue of their sensorial perceptions 3 . Among the possibilities of perception of stimuli hearing, more specifically, auditory processing comes to the forefront as it has an important role to play in determining how the peripheral and central auditory system receives, analyzes and organizes this information. It consists of a series of processes involved in auditory abilities, including detection, sensation, discrimination, location, recognition, comprehension, attention and memory for sounds 4, 5 . The development of these abilities depends on processes involving complex nerve pathways, which can be affected by environmental, social and pathological factors leading to a functional hearing disorder in which the child detects sounds normally but has difficulties interpreting them. Children who have this difficulty may present changes in several aspects of neuropsychomotor development such as speech and language development, speech understanding in a noisy environment, dysgraphia, inappropriate social behavior (agitation and distraction), poor school performance and inattentiveness to sound 6 . The research 7, 8 shows that gaps in the development of preschoolers may compromise school performance and opportunities in the future. Therefore, greater vigilance should be given in the first five years through early interventions to mitigate such gaps and prevent developmental changes from going unnoticed, only becoming evident when the child demonstrates difficulties at school 9 .
One of the possibilities for the early identification of development changes is through screening, aiming to evaluate a large number of people in order to offer detection and intervention as early as possible. With the need for extensive reach, a procedure should be adopted that is quick, easy to apply, yet valid and reliable 10 .
The relationship between alterations in central auditory processing and learning difficulties in the school phase has been widely discussed in literature [11] [12] [13] . However, there is little discussion about the relationship between neuropsychomotor development and auditory abilities in the preschool phase, which would allow the detection and early intervention regarding changes in these skills before the beginning of the literacy process.
Given the above, this study aimed to characterize the relationship between neuropsychomotor development and auditory processing skills in preschool children.
INTRODUCTION
One hundred and eight (108) preschool children participated in this cross-sectional, observational, analytical study. They were enrolled in three public institutions of early childhood education, with ages between four years and one month old and five years and eleven months old. Children with normal mobility of the tympanic-ossicular system and presence of acoustic reflexes were included in the study. Children with alterations in the external or middle ear, such as obstructions in the external auditory canal and otitis, or with reports (by a teacher or family members) of intellectual or hearing disability, were excluded from the study. During screening, temporary exclusion factors that could affect the performance of the child were considered, such as sleepiness, fatigue, illness, fever, fear or the refuse to participate in the study, with the screening being interrupted and resumed at another time, without loss to its validity. The research was approved by the Research Ethics Committee of the University where it was held and those responsible for the participants signed the Free and Informed Consent Term.
Within the school environment, in a quiet room without distractions, the following procedures were performed: a) Screening of the auditory function: Initially, a meatoscopy was performed with the purpose of observing external/middle ear alterations that could hinder the hearing test. Then, the immittanciometry (tympanometry and acoustic reflex research) was performed using the MT10 / Interacoustics portable immitometer with a 226 Hz probe tone. The acoustic reflex was ipsilateral for the frequencies of 500, 1000, 2000 and 4000 Hz regarding the fixed intensity of 100 dBNPS. The child PASSED, at this stage of the screening, when he presented a tympanometry curve type A and presence of acoustic reflex, in all the frequencies. After the selection of the subjects who underwent immitanciometry evaluation, they were submitted for simplified screening of central auditory processing (ASPA) 14 and neuropsychomotor development (Denver II) 15 .
b) Simplified auditory processing Screening (ASPA): Sound detection and sound localization (SL) tests were performed using a rattle. The children were instructed to remain with their eyes closed during the presentation of the stimulus and, at the end of the auditory stimulation they had to
METHODS
regarding the presence or absence of the reflex during the percussion of the instrument.
c) Screening of the neuropsychomotor development:
The Denver Development Screening Test II 15 was used. It is comprised of 125 items that evaluate four areas of child development: a) Personal-Social: aspects of the child's sociability inside and outside the family environment; b) Adaptive Fine Motor: visual-manual coordination, manipulation of small objects; c) Language: sound emission, ability to recognize, understand and use language and; d) Gross motor: body motor control, sitting, walking, jumping and other movements performed by the broad musculature.
Throughout the screening, the test was interrupted if the child felt tired or had to participate in another activity at school, being resumed at another time without harm to the validity of the results. The results of each of the evaluated areas were considered as normal, risky or non-testable according to the interpretation of the test for each evaluated item, using the following criterion: normal, when there were no delays or at most one "caution"; risk of delay, when there were two or more "caution" or one or more delays; Non-testable when the child refused to perform one or more items.
In the statistical analysis, the data were tabulated and processed in SPSS Statistics data publisher software, version 21.0. For the description of the data, it was used the tabular and graphical presentation of the means, standard deviations and confidence intervals. The bivariate correlation test was applied with the Pearson coefficient to analyze the correlation of changes between the development areas evaluated, language, gross motor, adaptive fine motor and personal social; and to correlate to the changes in each of the development areas evaluated with the age variable. The chi-square test was used to compare the changes in each of the areas between the genders. The values were considered significant for p ≤ 0.05 and the accepted alpha value of 0.1.
RESULTS
point in the direction from which the sound came. The sound stimulus was percussed in the following positions: above the head, in front of it, behind it and in its right and left sides.
For the non-verbal sequential memory test (MSNV), musical instruments such as the rattle, the agogô (two cone shaped bells), a bell, and a blackblack (similar to castanets) were used. Before the screening itself, the evaluator presented the sounds of each instrument. The child, then, could identify them, and the evaluator performed a demonstration of the test, with the child positioned facing the instruments and pointing out the order presented. Then, three different sequences were offered, using three musical instruments in each, with the child not being able to see. Therefore, it was possible to point the correct sequence.
The "pa", "ta", "ca" syllables were used for the verbal sequential memory (MSV) test, and, initially, the child was asked to produce each syllable separately to verify the possibility of phono-articulatory production. The evaluator, then, pronounced the syllables in three different sequences, without a visual clue, and the child was asked to repeat the sequence of syllables heard.
The responses were analyzed separately, regarding their occurrence, based on pre-established normality criteria for the age group studied 11 . In the SL test, the child had to answer correctly four of the five directions presented, from the age of three. The error can occur in the directions above the head, in front of it, or behind it. In the MSNV test, children aged between four to six years old should answer correctly two sequences of three sounds in three attempts. From the age of six, they should answer correctly two sequences of four sounds in three attempts. In the MSV test, the child older than three years old should get at least two of the three threesyllable sequences presented correctly. At six, they are able to repeat sequences of four syllables.
The cochlear-eyelid reflex (CPR) was investigated with the musical instrument called agogô (109 dBA) and the responses were analyzed Of the 108 children, 54.6% (59) were males with a mean age of 4.4 (± 0.97) years old and 45.4% (49) were females, with a mean age of 3.9 (± 1.06) years, with no statistically significant differences between the groups.
In the simplified screening of auditory processing (ASPA), 100% (108) presented normal responses in the detection test, 81.5% (88) in the sound localization, 49% (53) in the nonverbal sequential memory test (MSNV), and 58.3% (63) in the verbal sequential memory test (MSV). In the MSNV (p> 0.05) and MSV (p> 0.05) tests, no significant differences were found between altered and normal responses.
In the studied population, 30.5% (33) presented a risk for development delay in at least one of the evaluated areas. The frequency of appropriate responses to chronological age in the Denver II Test was significant in all areas, being 86.11% (93) in the personal social area, 92.5% (100) in the adaptive fine motor, 87% (94) in language and 92.5% (100) in the gross motor. Comparing the performance between the genders, no significant differences were observed in the personal social area (p = 0.69), gross motor (p = 0.71) and language (p = 0.09). However, in the adaptive fine motor, it was found a better performance among the female gender (p <0.05).
Using the bivariate correlation test between the results found in the neuropsychomotor development screening (Table 1 ) and the abilities assessed in the ASPA, a statistically significant relationship was found only between the language changes and the MSV (p <0, 01) and MSNV (p <0.05) tests (Table 1 ).
The analysis of the results of the relationship between neuropsychomotor development and auditory processing abilities showed a positive association in the language area with the nonverbal sequential memory (MSNV) and verbal sequential memory (MSV) abilities, evidencing the greater probability that children with changes in auditory processing have also a risk of language development changing.
Considering the organization of language in subsystems and that, among them, the development of the phonological system and the semantic system are the ones that receive the most influence from the hearing abilities, we found studies that relate the alterations of the auditory processing to the presence of phonological [16] [17] [18] [19] and of vocabulary 18 alterations, corroborating the findings of this study.
This study is relevant, however, because the findings were evidenced through screenings that can be applied to children within the school environment. The Denver II Development Screening Test 15 is a widely used test, because it has good validity and reliability, it is easy and quick to apply, with low cost and allows easy training, being used in both research and clinical practice, as well as the Simplified Auditory Processing Trial (ASPA). This test is also widely used in literature because it is easy to apply and indicates a possible alteration of the auditory function 20, 21 . It should be noted that, in both cases, since they are tests with altered responses, a specific evaluation is required to confirm or refute the "problems" detected.
Hearing experiences play an important role in the individual's ability to communicate, understand, socialize and especially in learning processes. In order to learn specifically about reading and writing, the student must be able to associate a phonemic auditory component with a graphic visual component, perceiving and understanding the graphophonic correspondence. Studies identify the development of oral language, phonological awareness, working memory and auditory abilities 16, 22, 23 as the predictors of the literacy process.
All these predictors need to be developed in the preschool period, since the experiences lived in these years are related to the cognitive and neuropsychomotor development and dependent on the quality of the stimuli received, which may come from both the family and the school environment 24 . Justifying, thus, the importance of early detection of changes in this period.
The school environment, more specifically kindergartens or early childhood education institutions, began to play a major social role since the 1970s, regarding the needs and rights of working women, aiming to eliminate discrimination against women as mothers and their consequent exclusion or marginalization in the labor market. Since 1996, with the promulgation of the Lei de Diretrizes e Bases da Educação Nacional -National Education Bases and Guidelines-(LDB), the children's education began to be considered as the first stage of basic education. Therefore, it rejects an assistentialist character, in order to assume an educational role, aiming at the integral development of the child up to 6 years old, regarding physical, psychological, intellectual and social aspects. Thus, complementing the roles played by the family and the community 25 . Under this new perspective, studies regarding the influence of the school environment have observed that early childhood institutions, with adequate equipment, good quality of care and adequate pedagogical methodology have a positive influence on child development. Early identification of changes in this development 26, 27 considering that the early recognition of disorders, followed by appropriate interventions, can reduce the disadvantages in the lives of the affected children, enabling their school and social development-, as well as providing a better quality of life, were also highlighted 28 . However, it is important to highlight the high prevalence of children at risk for neuropsychomotor development delays found in this study, which corroborates with Brazilian studies using a similar research procedure 6, [29] [30] [31] [32] [33] [34] [35] . Biscegli et al.
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, Souza et al.
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, Brito et al. 6 , Torquato et al. Regarding the greater number of male children, since it was a small difference, it did not put the sample out of balance and made it possible to compare performance in each of the areas of neuropsychomotor development, with no significant difference between the sexes in the personalsocial, language and gross motor areas, as shown in other studies 31, 34, 35 . However, diverging from these observations, there was a lower performance in males in the adaptive fine motor area, a fact that can be justified by the preferential play between the two groups, since boys prefer activities that require less maturation of fine motor activities, such as playing soccer, cycling and simulation of fights 9 .
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DISCUSSION
The positive association between the responses obtained in the screenings among the neuropsychomotor language development area and the MSV and MSNV tests are justified by the fact that time sequencing is related to short-term auditory memory. A necessary ability to recognize, identify and order acoustic stimuli, according to their order of presentation, over a certain period. This skill is also necessary for language development, since speech and language comprehension depend on the ability to work with a sound sequence 6, 36 . and Amaro et al. 35 found a 37%, 30.2%, 46.3%, 31.6% and 37.35%, respectively, prevalence of neuropsychomotor development delay level, using the Denver II Screening Test in preschoolers of public institutions.
Likewise, it was found a high incidence of alterations in the simplified evaluation of auditory processing, and this prevalence of failures is in line with studies that used the same instrument in school and preschool children 16, 18, 28, 33 . Also in line is the observation of a greater difficulty in verbal sequential memory (MSV) and non-verbal sequential memory (MSNV), which evaluate the auditory ability of simple temporal ordering, than in the evidence of location and discrimination of the sound source 11, 17, 28, 33 . Although this study did not aim to analyze the quality of the institutions, based on the observations of the researchers during the screening and the data found in other studies 29, 35, 36 , it can be said that, in general, day care centers and public pre-schools in Brazil work poorly. It happens due to the lack of resources, lack of infrastructure, unprepared employees and the implementation of routines predominantly focused on basic nutrition and hygiene. This fact may have influenced the high prevalence of changes.
The findings presented in this study reinforce the importance and effectiveness of screening as an instrument capable of early detection of risks of alteration in the development of children in preschool children, thus bringing important advances for the promotion of children's health. Therefore, this kind of study can contribute to the evaluation and improvement of public policies of surveillance and multi-professional accompaniment that favor the development of children in CONCLUSION the school environment. Despite that, future research is needed to minimize some of the limitations detected in this study, such as sample size and number of institutions included, as well as the need to use instruments that can evaluate both the school and family environment and its relation to child development. In addition, it is important to note that evaluation instruments are used to confirm the variations found in the tests, making the results more consistent and allowing a generalization of these findings. 
Resumo
Introdução: O desenvolvimento neuropsicomotor e das habilidades auditivas, influenciados tanto por fatores biológicos como ambientais, tem relação direta com o desempenho escolar. Dessa forma, a realização de triagens em ambiente escolar possibilita a identificação precoce de alterações nesse desenvolvimento reduzindo assim, os prejuízos na vida dessas crianças.
Objetivo: Caracterizar a relação entre o desenvolvimento neuropsicomotor e as habilidades do processamento auditivo em pré-escolares.
Método:
Foram realizados em 108 pré-escolares de três instituições públicas, com idades entre quatro anos e um mês e cinco anos e 11 meses, de ambos os sexos. Foram realizadas teste de reatreio do processamento auditivo central (PAC) por meio da avaliação simplificada do processamento auditivo (ASPA) e do desenvolvimento neuropsicomotor utilizando o Teste de Triagem de Desenvolvimento Denver II. Os dados foram analisados pelos Testes Qui-quadrado e Correlação Bivariada com coeficiente Pearson, adotando-se significância de 5% e alfa de 0,1.
